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Cells from most patients with xeroderma pigmentosum IXPI can be shown to be defec-
tive in repairing ultraviolet (UV) light-induced damage to their DNA. for they have a reduced 
rate of UV-induced thymidine incorporation. XP variants. however. have clinical manifes-
tations of XP. but all their tissues tested to date have a normal rate ofUV-induced 'H-thymi-
dine incorporation. We have now tested tumor cells from an XP variant and from a typical 
XP patient. The variant's tumor cells, in contrast to those of the typical patient. had no de-
tectable defect in their UV-induced thymidine incorporation. We conclude. therefore. that 
the cells that formed tumors in this XP variant resemble his other cells in DNA repair capac-
ity, and do not represent a minor cell population with the kind of Dl\IA repair defect that is 
reflected in reduced UV-induced thymidine incorporation. 
In 1968 Cleaver [1] reported that fibroblasts 
from three patients with xeroderma pigmentosum 
(XP) were deficient in their ability to repair DNA 
damaged by ultraviolet (UV) light. Thereafter. fi-
broblasts from many other XP patients were found 
to have variously reduced rates of DNA repair as 
measured by UV-induced tritiated thymidine 
('HTdRJ incorporation [2-6]. In experiments 
where patients' epidermal cells [3.7-91 and periph-
eral blood lymphocytes [10-14 1 were examined, 
these cells were found to have the same decreased 
rate of DNA repair as the patients' fibroblasts. 
However, one of the many patients studied ( pa-
tient 4 of the NIH series) [14 1, who had clinically 
classical XP, did not show any defect in the rate 
of UV-induced 'HTdR incorporation into his lym-
phocytes [10. 14]. dermal fibroblasts [4]. or epi-
dermal cells [8, 91- Cleaver has confirmed [15 1 
that patient 4 's fibroblasts have a normal rate of 
UV-induced 'HTdR incorporation. Cleaver and 
Carter [16] tested 'HTdR incorporation by dermal 
fibroblasts from patient 4 at the reduced tempera-
ture that might be found on exposed skin and 
found it indistinguishable from that of normal fi-
broblasts. thereby showing that patient 4 is not a 
temperature-sensitive mutant. 
Since publication of our reports of this patient 
[4,10], several other cases of XP with no detect-
able impairment of UV-induced 'HTdR incorpora-
tion have been reported [15,17 ]. Such patients 
have been called ·'XP variants" [15] to distinguish 
them from the majority of XP patients who ha\·e 
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decreased rates of UV-induced 'HTdR incorpora-
tion. 
\eVe now report studies of UV-induced 'HTdR 
incorporation in cultures of basal cell carcinoma 
cells from patient 4 and from patient 3 of the NIH 
series [9,141. The latter patient has classical XP 
with decreased UV-induced 'HTdR incorporation. 
In this paper we present evidence that the tumor 
cells in our XP variant. like his other tissues 
which have been tested and unlike the tumor cells 
from patient 3. have no detectable defect in the 
rate of UV -induced 'HTdR incorporation. 
MATERIALS A:VD METHODS 
Subjects. Nodular basal cell carcinomas were excised 
for culture from XP patients .3 and 4, each of whom had 
clinically classical XP and more than 100 cutaneous 
neoplasms [14 ]. 
Cell cultures. The basal cell carcinoma cells were 
cultured by the method of Flaxman [18. 19]. Small tumor 
nodules were dissected as free as possible from sur-
rounding connective tissue and held in place on a glass 
coverslip with a clot comprised of chick embryo extract 
and chick plasma. The nodules were incubated at 3o"C 
in an cttmu:;phere of 5':'i C0 2 e1nd humidified air in Eagle's 
minimal essential medium containing 10')(, fetal cal! se-
rum. penicillin (100 U/ml), streptomycin (!00 l'g/mll. 
and amphotericin B (2.5 "g/ml). 
XP and normal fibroblasts were obtained tram the 
American Type Culture Collection.* The~· were grown 
without antibiotics in modified Ham's Fl2 medium [20] 
with 10% fetal calf serum in the CO, incubator. 
UV-irradiation. The tumor cells and fibroblasts were 
irradiated in phosphate-buffered saline for 150 sec with a 
2537 A germicidal lamp (General Electric Lamp No, 
G!5T8i at an incident flux of approximately l-2 ergs/ 
* Skin fibroblast strains from all of our XP patients 
and from some of their parents are available from the 
American Type Culture Collection. 12301 Parklawn 
Drive, Rockville. Maryland 20852. U.S.A. 
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mm'/ sec. The cells were then placed in the CO, incuba-
tor for 3 hr for incubation with 'HTdR (spec act, 18-25 Ci/ 
mmole) at a concentration of 10 I'Ci/ml of Medium 199 
containing 209<. human plasma in the case of tumor cells 
or in modified Fl2 medium [20] with 5% fetal calf serum 
for the fibroblasts. Auloradiograms were then prepared 
with Kodak NTB-:3 emulsion and exposed for 1 to 2 
weeks. 
RESULTS 
The relative rates of UV-induced 'HTdR incor-
poration in cells from a normal donor, patient 3, 
and patient 4 are shown in the cultured fibroblasts 
obtained from the dermal biopsies. Figure la shows 
an autoradiogram of unirradiated fibroblasts 
which were cultured from the normal donor. The 
"heavily labeled" cells (arrows) represent cells in 
S-phase. semiconservative DNA synthesis in prep-
aration for mitotic division. The other cells have no 
accumulation of autoradiographic grains over their 
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nuclei, indicating that they had not incorporated 
the 'HTdR. 
Figure 1 b shows the etrect of irradiation on 
cultured fibroblasts from the normal donor. With 
the exception of the heavily labeled cells (arrows) 
inS-phase synthesis, all the other cells are ''lightly 
labeled.'' Such light labeling indicates the UV-
induced uptake of •HTdR during the repair syn-
thesis of the UV -damaged segments. Figure lc 
shows that irradiated fibroblasts from patient 4 
have as much UV -induced 3HTdR incorporation as 
do normal fibroblasts (Fig. lb). Figure ld shows 
the much lower amount of UV-induced 'HTdR 
incorporation in fibroblasts from patient 3. 
Figure 2a shows a low-power view of an autora-
diogram of an irradiated, cultured tumor nodule 
ti·om the basal cell carcinoma from patient 4, the 
XP variant. This nodule has grown in the configua-
tion described by Flaxman [18,19]. The dark 
FtG. 1. Autoradiograms of fibroblasts from a normal donor and from XP patients 3 and 4. (a) Normal donor, 
unirradiated; (b) normal donor, irradiated; (c) XP patient 4. irradiated; (d) XP patient 3, mad1ated. The arrows 
indicate heavily labeled cells in S-pbase synthesis. Autoradiograpbic exposure, 2 weeks (acid hematoxylin, x 370l. 
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FIG. 2. Autoradiogram of irradiated. cultured tumor nodule from a basal cell carcinoma from XP patient 4. (a) 
Low-power view of circular tumor nodule showing outgrowth of fibroblasts in the bottom of the field (arrows) ( x 161; (b) 
fibroblast outgroMh with nuclei showing either lig:ht labeling of repair synthesis or heavy labeling ofS-phase synthesis 
I' 400); I c) tumor cells witbin tumor nodule showing light labeling of their nuclei. Autoradiographic exposure. lldays 
(acid hematoxylin. x 400). 
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central core consists of the original nodule of tumor 
tissue surrounded by a circular coherent outgrowth 
of epithelial tumor cells. Because separation of 
tumor nodules from the connective tissue in these 
lesions could not be as successfully ace om plished 
as in some of the cases of basal cell tumors 
obtained previously from non-XP patients [18, 19], 
contaminating fibroblasts were abo present. These 
fibroblasts migrated over the epithelial cells to the 
periphery of the outgrowth larrou·s). There they 
were distinguishable by their shape and nonepi-
thelial growth pattern. 
Figure 2b shows in higher power the grains over 
these fibroblasts. The heavily labeled fibroblasts in 
S-phase DNA synthesis can be distinguished from 
the other fibroblasts which show the light labeling 
of DNA repair synthesis. 
Figure 2c is another high-power ,·iew of Figure :2a 
but shows the epithelial tumor cells. It is apparent 
that the UV-induced 'HTdR incorporation in the 
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tumor cells (Fig. 2c) is at least as great as that in 
the fibroblasts tFig. 2b). 
ln contrast to the considerable UV-induced 
'HTdR incorporation into the fibroblasts and 
tumor cells of patient 4, Figure 3 shows the verv 
small amount of UV -induced 'HTdR incorporation 
into basal cell carcinoma cells from patient :1 whose 
l.vmphucytes [10] and fibroblastb (Fig. ld) l.a,~e 
previously been shown [14} to have from 15 to 25'!( 
of the normal rate of UV -induced 'HTdR. 
D!SCL'S.c>IO!\ 
We have previously shown that. there is a normal 
rate of UV-induced 'HTdR incorporation into 
patient 4's peripheral blood lymphocytes 
dermal fibroblasts [ 4 J. and into his intact 
dissociated [8 J epidermal cells. That 
induced 'HTdR incorporation is a measure of 0:\ A 
repair replication and is not an aberrant form of 
S-phase incorporation is supported by the findings 
FIG. :l. Autoradiogram of irradiated. cultured. baeal cell carcinoma from XP patient. 3. \al Tumor cells with a 
minimal amount of light labeling; (b) another field showing more tumor cells with minimal light labeling in the 
presence of a heavily labeled cell (possibly a wntaminating fibroblast) in S-phase synthesis. Autoradiographic 
exposure. 11 days (acid hematoxylin. x 6351. 
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that his incorporation is resistant to hydroxyurea 
[10] and that repair replication [15] and bromode-
oxyuridine photolysis studies [21] of his fibroblasts 
were normal (Buhl SN, Setlow RB, Regan JD: 
personal communication). Our present study has 
indicated that the tumor cells from the basal cell 
carcinoma of patient 4 (Fig. 2c) perform as much 
UV -induced •HTdR incorporation as his fibro-
blasts (Fig. 2b). We therefore conclude that there 
is no evidence that his tumor cells arose from a cell 
or cells whi~h had markedly reduced UV -induced 
•HTdR incorporation. Tumor cells arising from 
cells with a reduced rate of UV-induced •HTdR 
incorporation continue to manifest this DNA re-
pair defect, as is evident from our observation of 
the tumor cells from the basal cell carcinoma of 
patient 3 (Fig. 3). His fibroblasts (Fig. 1d} and 
lymphocytes had 15 to 25% of the normal DNA 
repair rate as previously shown [14]. We have now 
shown that his tumor cells also have a low rate of 
UV -induced •HTdR incorporation. 
Setlow and Regan [22] have also presented 
evidence that tumor cells from an XP patient 
manifested a defect in DNA repair by showing that 
the patient's melanoma cells failed to repair the 
damage induced by the carcinogen, N-acetoxy-2-
acetylaminofluorene (N-acetoxy-AAF), as rapidly 
as normal. This chemical causes damage that 
would normally be repaired by the DNA repair 
process that is generally found defective in XP 
[22-24]. It should be noted that tumor cells from 
patients who do not have XP have shown no 
evidence of a defect in repair of UV damage to 
DNA [25]. 
The clinical manifestations of XP in patient 4, 
e.g., freckles, keratoses, and tumors. were identical 
to those of classical XP patients and were distrib-
uted on sun-exposed areas. Sunlight which reaches 
the surface of the earth is known to be able to 
induce pyrimidine dimers in the DNA of mamma-
lian cells [26]. It is therefore reasonable to expect 
that the clinical manifestations of patient 4's 
disease were caused by an inability to repair in a 
normal manner the damage caused by solar radia-
tion. Recently, Day, using a host cell-reactivation 
test to measure the ability of fibroblasts to restore 
UV -irradiated adenovirus to a functionally normal 
state [27], has found that fibroblasts from patient 4 
[28] and from four other XP variants [29] are 
unable to do so as well as normal fibroblasts. 
Lehmann [30, 31] has recently found that XP vari-
ant cells, including cells from our patient 4. have a 
defect in a process known as postreplication repair. 
Thus, cells from patient 4 probably have a DNA 
repair defect, and this defect may well be the cause 
of his clinical manifestations of XP. 
We thank Susanna Barrett for culturing the fibro-
blasts, and Mr. Walter Seewald, Mr. Robert Petinga, and 
Mr. Harry Schaefer for preparing the photomicrographs. 
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